Surgery of the heart is becoming increasingly intracardiac; it is, therefore, more important than ever to gain an accurate knowledge of the anatomical and functional changes during the whole of the cardiac cycle, before operative treatment is contemplated.
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This was done to avoid the projection of a contrast-filled superior vena cava overlying the aorta, to minimize pressure differences created in the atria, and to increase the chance of visualizing an atrial septal patency . Taking into account the increased risk of angiocardiography in those cases with an overriding aorta the dosage of contrast medium has been kept low (1-1'25 ml. per kg. of body weight). Two projections were obtained simultaneously and instead of the previously employed anterior-posterior and lateral projections, two lateral oblique views were obtained for a better appreciation of morphology. Each case was examined jointly by each member of the team in order to correlate clinical, radiological, and surgical observations.
RESULTS
The Venous Return. The anatomical course of the venous return and some aspects of its drainage into the right atrium can be shown with this method. The site of injection was a superior route in 16 cases and the inferior route in the remainder.
In this series, with the exception of one case, the superior and inferior vena cava followed their normal pattern of drainage into the right atrium. In this one (Case 18) the inferior vena cava showed an anomalous pattern with drainage into the left atrium. Where the superior route was used for injection the superior vena cava was found to be dilated in 13 of the cases (Fig. 1, 4 , 5, and 6); in 3 its calibre was considered normal. This dilatation was found to be present also in the inferior vena cava in 4 out of 7 cases in which it was visualized.
A retrograde filling of adjacent vessels with the contrast medium during atrial systole was observed when using the superior as well as the inferior route. The route by which the dye was injected had no influence on this reflux.
There was generally a moderate reflux of contrast medium (14 cases) and it was marked in 4 > . . . I . . (Fig. 4) .
Right Atrium. In all cases the right atrium was enlarged with an accompanying dilatation of its appendage (Fig. 3, 5, 6 , and 7). The greatest enlargement was found in association with an atrial septal patency. It was sufficient to cause the right atrium to assume a more rounded contour in 9 cases. The amount of residual dye was considered above normal in 12 cases.
The presence of a right-to-left shunt of the dye was demonstrated in 8 cases: this would indicate a high frequency of atrial septal patencies in Fallot's tetralogy. This shunt was considered to be small in 5, moderate in 1, large in 2, and questionable in one other. group.bmj.com on April 19, 2017 -Published by http://heart.bmj.com/ Downloaded from Right Ventricle. In 20 cases a fairly good opacification of the right ventricle was obtained but in 3 it was poor. The ventricle was enlarged in all but one which showed hypertrophy of the wall rather than dilatation of the chamber.
The amount of residual dye was increased above normal in 13 cases (Fig. 3, 4 , and 6). In 2 the results were inconclusive. The hypertrophy of the wall of the right ventricle was clearly demonstrated in 12 cases (Fig. 1) . In 9 there was assumed to be hypertrophy because of the trabeculated appearance of the wall and one was questionable. A right-to-left interventricular shunt of dye was not observed in 10 but its presence was demonstrated in 12 (Fig. 2) ; it was classified as large in 2, moderate in 6, and small in 4 cases.
The Pulmonary Infundibulum (Table I ). The opacification of the pulmonary infundibulum was found to be fairly good in 10 cases, poor in 11, and in the remaining 2 identification of the pulmonary conus proved difficult. One of these was Case 18 and the other was associated with a patent ductus arteriosus, and we presumed the existence of an infundibular aplasia.
It was possible to outline the anatomical form of the pulmonary conus in 15 cases. We gained the impression that in the right anterior oblique position (which is best for its visualization) it generally possessed a greater diameter and a more cylindrical shape than in the left anterior oblique (Fig. 3, 4 , 6, and 7). Its form was classified in this series as conical in 1 cases and in most of these the pulmonary stenosis seemed to be infundibular in nature. Four cases showed a tubular or cylindrical form and one of these in particular had a very large infundibular chamber whose form was more rounded or oval in outline (Fig. 3) . The contraction of the infundibulum in most of these cases appears to be segmental in nature and mainly subvalvular in type. In only one case of cylindrical form did this contracture appear to involve the entire infundibulum and reduce it to the appearance of a narrow stem. In 3 cases the stenosis or narrowing was considered to be moderate and in another 3 we noted only small variations in the calibre of the infundibulum. In this series we were able to make a probable diagnosis of the nature of the stenosis in 16 cases. In 9 we found infundibular stenosis. In 3 there was unmistakable valvular stenosis (Fig. 4) . In another 4 we assumed the presence of a double stenosis, valvular and infundibular in association (Fig. 5) . In the remaining 7 it was impossible to decide upon the type of stenosis. It can be clearly seen and demonstrated by means of pictures that the pulmonary infundibulum is not a rigid channel but has its own rhythmic alteration of form. The results in 15 cases in which it was possible to measure different calibres of the pulmonary infundibulum in both systole and diastole, are shown in table form. These figures indicate clearly the various degrees of systolic contraction and the relationship between this contraction and the type of pulmonary stenosis.
Infundibular contraction was questionable in one case with valvular stenosis. The contraction was considered quite marked in 11 cases, with a reduction in diameter to one-third of its original size (Fig. 6) . In 10 the infundibulum was almost closed during the ventricular systolic contraction (Fig. 7) . Most of these cases showed a conical appearance and infundibular stenosis. In one case there was a moderate dilatation of the infundibulum in ventricular systole-probably due to a more or less complete lack of musculature of the conus.
Pulmonary Artery and its branches. The pulmonary artery and its branches were fairly well silhouetted in 12 cases and in 19 there was a very poor shadow. However, in only one case was it impossible to reach some anatomical conclusions. The main branch always had a horizontal course from its origin in the right ventricle and generally it was short. In 7 cases its relative diameter was considered to be within normal range. In the others, 7 showed different grades of hypoplasia and 6 showed the presence of post-stenotic dilatation. In almost all the left main branch was almost always greater and higher placed than the right one. However, there is no rigid relationship between the calibre of the main stem and the branches of the pulmonary artery in the tetralogy of Fallot. The left branch generally appeared to have the same anatomical characteristics as the main trunk. Nevertheless, in pne case a high degree of hypoplasia of the left branch and an extensive collateral circulation existef and the right main branch had only a moderate reduction of calibre. The peripheral circulation in the lungs was poor in almost all with the exception of Case 4, and the opacification of the lung vessels was prolonged and changed little during the whole series of films. 
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Left Atrium, Left Ventricle, and the Aorta. Noting the time at which the left atrium fills gives a rough indirect measure of the degree of pulmonary stenosis. Re-opacification in late films of the left side of the heart by contrast medium that has passed through the pulmonary circulation indicates a good pulmonary flow. As a consequence of the diminished flow through the left heart the left atrium and ventricle are often smaller than normal. This may explain why the total heart volume is often not enlarged.
The size of the right-to-left shunt can be roughly estimated by comparison of the amount of contrast medium in the aorta and in the left side of the heart in the left anterior oblique projection. If there is only little overriding and no significant right-to-left intracardiac shunt the early aortic filling may be slight and easy to overlook. This happens less often if two projections are used synchronously. The aorta is more often visible in the projection in -which the ascending aorta overlaps the descending aorta.
Early opacification of the aorta was always observed. This generally persisted throughout the greater part of the examination, partly due to the return of dye through the left heart.
Dextroposition of the aorta is of greater degree if its origin appears to be more anterior in the right anterior oblique view. In most cases we found it, however, difficult to delineate accurately the origin of the aorta. (We are using the term dextroposition in its literal and most generally accepted sense rather than its meaning with regard to the anatomical origin of the aorta.) The criteria of an early silhouette for the diagnosis of dextroposition are sometimes unsatisfactory when an atrial septal defect is present, and further, because of the rotation of the heart the projections over the ventricular septum frequently cause mistakes and cannot be relied upon.
In this series the aorta showed great variations in its relative calibre and this apparently bears a relationship to the degree of overriding. With an extreme degree of this the relative calibre was much enlarged and this picture was reversed with a smaller degree of overriding in the origin of the aorta. The course of the aortic arch and the descending aorta was normal in all but two. In one of these there was a left aortic arch with a right-sided descending aorta which is a rare anomaly according to Blalock's experience (Case 2). In the other (Case 14), a right aortic arch was present with a right-sided aorta. In this series we were not able to see the aortic branches clearly because the right anterior oblique projection caused a superimposition of its outlines and the relatively small amount of dye used did not give a well-defined outline of these vessels. In three cases a ductus arteriosus was shown (Fig. 8) .
DISCUSSION
Dilatation of the superior vena cava and right atrium is almost constant. The size of the right atrium as well as of the other heart chambers has been judged in relation to the total heart volume as well as to the other heart cavities.
Only regurgitation of contrast medium into the vene cave during atrial systole has been considered as a true reflux of dye. Reflux during atrial diastole may appear in normal cases as a result of the injection, and has been considered a normal phenomenon following the functional closure of the caval orifices during atrial systole (Hedman et al., 1953 and left side of the heart where the latter as yet contains no contrast medium. Furthermore, when using a rapid series of pictures it is often possible to determine whether the shunt takes place during systole or diastole. The shunts demonstrated have chiefly been directed to the left, in only two cases to the right, and in another two in both directions.
The thickness of the wall of the right ventricle can be well estimated in L.A.O. projection when it forms the margin of the heart during atrial systole. In the R.A.O. projection it can be suspected by the spongy appearance of the contrast medium in the ventricle due to the increased trabeculation of the wall. Judged from these criteria hypertrophy of the right ventricular wall has always been found when the opacification has been satisfactory.
In this small series we have not yet made an attempt to establish the relationship between the degree of right ventricular hypertrophy, the size of interventricular shunts, and the degree of overriding of the aorta. This seems, however, to be possible and appears to be of importance.
The anatomy of the pulmonary infundibulum is not yet settled. From post-mortem findings as well as from external appearance, instrumental exploration, and pressure records during operation, it has been possible for Brock to describe the morphology of the living infundibulum in pulmonary stenosis. Sellors and Belcher (1950) operated on 65 patients who suffered from Fallot's tetralogy: their impression was that in 45 of these the maximal stenosis was at the infundibulum and in 20 at the pulmonary valve. Burke et al. (1951) studied the anatomy of the sites of obstruction to the pulmonary bloodflow in 48 cases that came to necropsy; in 29 the subpulmonary tract constituted the narrowest point, and 13 of these also showed significant stenosis of the pulmonary valves which was of a lesser degree than that of the infundibulum; in 11 cases the maximal stenosis was in the pulmonary valve and in these was an associated, significant stenosis in the infundibulum in nine. Glower et al. (1952) , found at operation that of 30 cases of Fallot's tetralogy the blood flow was obstructed by stenosis at the pulmonary valve in 15; in 6 there was a high infundibular stenosis with an infandibular chamber; in 3 others the stenosis was immediately proximal to the valve and in one there was a low infundibular stenosis. The pulmonary artery was hypoplastic in two cases and finally in three there was a stenosis of the pulmonary artery distal to a normal valve but proximal to the bifurcation of the vessel. Brinton and Campbell (1953) have reported observations from necropsies in 25 patients with Fallot's tetralogy, most were between 7 and 20 years of age. In 10 there was a functional atrial septal defect. Right ventricular hypertrophy was found in every case. The stenosis was infundibular alone in 18, valvular alone in 2, and combined infundibular with valvular in 5, but in a larger series they find valvular stenosis more common than this.
Recently some aspects of Brock's work have been questioned on the basis of post-mortem findings which have rendered doubtful the surgical correction of the pulmonary infundibular stenosis on current anatomical concepts. It has been difficult to substantiate any hypothesis by routine angiocardiographic examination, where the visualization of the infundibulum is not complete. By injecting the contrast-medium chiefly into right ventricle or if possible into the pulmonary artery (Chavez, 1947; J6nsson, 1949) , it is possible to obtain a more complete picture of the anatomy of the outflow tract of right ventricle, the pulmonary artery, and the overriding aorta and its main branches, but not of the physiology which may be disturbed by the presence of the catheter and the injection under high pressure. A further limitation of this way of introducing the contrast medium is that it cannot give full information about the presence of other associated congenital malformations of the heart. A prerequisite for a good result is to use rapid-biplane photography with simultaneous recording of the electrocardiogram. 
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The actual site of stenosis in most cases was subvalvular and for this reason a conical appearance would be accentuated during systole. We have also found the infundibular chamber and its variation in calibre during ventricular systole to be a function of its position with reference to the valve. The " segmental" contraction of the infundibulum may be emphasized in view of its surgical importance. This type could be verified in most cases; in only one was contraction of the entire infundibulum observed in which its form was changed to a narrow stem in agreement with Soulie's description. The systolic contraction of the infundibulum was clearly greater in infundibular than in valvular stenosis, and sometimes was sufficient to cause an apparent complete shutting off of the infundibulum or at least an extraordinary reduction of its calibre (see Table I ). This was shown in Case 22 where the diastolic diameter was reduced from 13 mm. to a systolic diameter of 1 mm. However, in cases of co-existing valvular stenosis these contractions do not produce a significant reduction of the calibre of the infundibulum: there does not appear to be very much poststenotic dilation of the pulmonary trunk and its branches as can be seen in pure pulmonary valvular stenosis. Tbe reason for this difference and the absence of an increased globe-like projection of the pulmonary valve may be explained by the relatively moderate infundibular stenosis which limits the impact of the total pressure gradient of the right ventricle against the stenosed valve. This may explain why pulmonary valvotomy in Fallot's tetralogy does not transform this condition into an Eisenmenger complex, the relatively " moderate" grade of infundibular stenosis regulating the transmission to the ventricular pressure to the pulmonary vessels during systolic contraction and acting as a sort of protective mechanism.
From an anatomical point of view the direct surgical correction of infundibular stenosis appears to be feasible in selected cases. This group includes the " segmental " type of infundibular stenosis (high subvalvular, intermediate, or low infundibular positions) and this represents in our material and from other reports possibly up to 60 per cent of all cases of infundibular stenosis. In the remaining group in which the stenosis involves the entire infundibulum, surgical correction does not appear to be feasible. Another approach would be to achieve maintenance of the diastolic calibre of the infundibulum in some of these cases, which we are now attempting to do experimentally.
This discussion on the direct surgery or pulmonary stenosis is meant to focus attention on the anatomical possibilities of correction and does not imply preference for such technique, since if this is to be done the functional pathology of each particular case must be considered.
SUMMARY AND CONCLUSIONS
A study has been made of 23 cases of Fallot's tetralogy with rapid angiocardiography and simultaneous electrocardiographic recording. The different mechanisms of the venous return to the heart are discussed. There is always enlargement of the right heart with hypertrophy of the right ventricle.
Right-to-left shunts can be demonstrated with this technique. Right-to-left interatrial shunts occurred in 8 out of 23 cases. Right-to-left interventricular shunts occurred in most of the cases.
Strong systolic contractions of the pulmonary infundibulum were shown in most of the cases.
In the presence of valvular stenosis in Fallot's tetralogy there was often " relative " or " functional" moderate infundibular stenosis. It must be emphasized that the calibre of the infundibulum varies with the phase of the heart cycle. It depends on functional as well as anatomical factors, and an infundibular stenosis observed when the heart is in ventricular systole does not necessarily mean an organic stenosis. The exact nature of the outflow tract of the right ventricle can be completely understood only by comparing films from full systole and full diastole and enough intermediate phases.
